In times of rapid urbanization, increasing usage of chemicals in buildings, and energy saving measures, the topic of indoor air quality (IAQ) demands reinforced attention. Nevertheless, especially in developing countries with urgent building construction needs, IAQ has hardly been examined. This study investigates the condition of IAQ and health of occupants in newly constructed high-rise apartments in contrast to traditional detached houses (Kampongs) in Surabaya, Indonesia. Information on building attributes, cleaning and ventilation behavior, interior sources, personal characteristics and health, especially multiple chemical sensitivity (MCS), was collected through 471 questionnaires. In addition, 76 measurements of TVOCs, formaldehyde and 30 measurements of mold risk were carried out. The results showed that the share of people in apartments with a very suggestive risk of MCS was twice as high as that in Kampongs (17.6% vs. 6.7%). Correlation analysis suggested that for both residential types, health problems, negative smell or perception of IAQ, and higher levels of stress determined higher degrees of MCS. For IAQ, high concentrations of formaldehyde and TVOCs were measured in apartments and corresponded to higher MCS risk, whereas severe mold issues were predicted in Kampongs. This study suggests major shortcomings in the indoor environment in newly constructed apartments for the physical and the mental health of occupants.
Introduction
Today's world is facing population growth, urbanization, and climate change, resulting in rapid building construction, energy efficiency measures, and consequent changes in indoor air quality (IAQ). This, in turn, has implications for human health. Health outcomes from poor IAQ are an increase in asthma and allergies, specific infectious diseases like legionella pneumonia and several nonspecific health complaints, often conceptualized in the terms sick building syndrome (SBS), sick house syndrome (SHS), or multiple chemical sensitivity (MCS). These concepts comprise complaints about headaches, muscle or joint pain, depression, fatigue, skin irritation, confusion, dry eyes, dry mucous membranes, wheezing, etc. IAQ parameters collected in both living room and master bedroom, when available, were total volatile organic compounds (TVOC) and formaldehyde concentrations as two of the major indoor air pollutants [23] [24] [25] , as well as air temperature and relative humidity (RH). The present investigation is considered to be a preliminary screening to understand the current conditions of IAQ in urban houses of Indonesia, before the detailed characterization of indoor VOCs. Hence, real-time direct measurements were adopted instead of widely used methods such as DNPH-HPLC for formaldehyde and GC-MS or GC-FID for VOCs. Both formaldehyde and VOC measurements were taken over a period of 2-3 days per room. Formaldehyde concentration was measured by a commercially available device (FMM-MD, Shinyei Technology). This portable device is equipped with a photoelectrical photometry-based sensor that detects the absorbance change induced by formaldehyde. The accuracy of the sensor is ±0.01 ppm under the air temperature of 25 °C with 50% RH. Meanwhile, VOCs were obtained by using the device with an advanced PIDs (photo-ionization detectors) sensor (accuracy: ±0.1 ppm) (ToxiRae Pro, RAE systems). The PIDs use high-energy photons, typically in the ultraviolet (UV) range. The use of UV light to excite the molecules results in the ionization of gas molecules. The resulting ions produce an electric current proportional to the signal output of the detector [26] . All of the said sensors (formaldehyde and VOCs) were calibrated by the manufactures within one year before the start of measurements. The specifications and sensitivities of VOC sensors are reported in [27] . The meters were placed centrally in the room to avoid direct influences from the walls or furniture and at a height of about 1.5 m. If a standing In this research, quantitative measurements of specific IAQ parameters provide information on indoor air constituents (pollutant levels) and a questionnaire on IEQ and personal behavior identifies potential influential parameters. The questionnaire also examines personal factors and occupants' health ( Figure 2 ). The survey took place from September 2017 until February 2018 in 27 Kampong areas and 14 high-rise apartments. Questionnaires were filled during a face-to-face interview with randomly chosen Kampong house and apartment occupants from the previously selected areas. The average response rate was 87% in Kampongs and 66% in apartments, respectively. Sites for the measurements of IAQ parameters were determined by the following criteria: first, in each Kampong area and high-rise apartment, five samples were to be taken to cover different locations and building situations; second, only houses and apartments with a permission by occupants were measured. area and high-rise apartment, five samples were to be taken to cover different locations and building situations; second, only houses and apartments with a permission by occupants were measured. IAQ parameters collected in both living room and master bedroom, when available, were total volatile organic compounds (TVOC) and formaldehyde concentrations as two of the major indoor air pollutants [23] [24] [25] , as well as air temperature and relative humidity (RH). The present investigation is considered to be a preliminary screening to understand the current conditions of IAQ in urban houses of Indonesia, before the detailed characterization of indoor VOCs. Hence, real-time direct measurements were adopted instead of widely used methods such as DNPH-HPLC for formaldehyde and GC-MS or GC-FID for VOCs. Both formaldehyde and VOC measurements were taken over a period of 2-3 days per room. Formaldehyde concentration was measured by a commercially available device (FMM-MD, Shinyei Technology). This portable device is equipped with a photoelectrical photometry-based sensor that detects the absorbance change induced by formaldehyde. The accuracy of the sensor is ±0.01 ppm under the air temperature of 25 °C with 50% RH. Meanwhile, VOCs were obtained by using the device with an advanced PIDs (photo-ionization detectors) sensor (accuracy: ±0.1 ppm) (ToxiRae Pro, RAE systems). The PIDs use high-energy photons, typically in the ultraviolet (UV) range. The use of UV light to excite the molecules results in IAQ parameters collected in both living room and master bedroom, when available, were total volatile organic compounds (TVOC) and formaldehyde concentrations as two of the major indoor air pollutants [23] [24] [25] , as well as air temperature and relative humidity (RH). The present investigation is considered to be a preliminary screening to understand the current conditions of IAQ in urban houses of Indonesia, before the detailed characterization of indoor VOCs. Hence, real-time direct measurements were adopted instead of widely used methods such as DNPH-HPLC for formaldehyde and GC-MS or GC-FID for VOCs. Both formaldehyde and VOC measurements were taken over a period of 2-3 days per room. Formaldehyde concentration was measured by a commercially available device (FMM-MD, Shinyei Technology). This portable device is equipped with a photoelectrical photometry-based sensor that detects the absorbance change induced by formaldehyde. The accuracy of the sensor is ±0.01
Atmosphere 2019, 10, 182 4 of 22 ppm under the air temperature of 25 • C with 50% RH. Meanwhile, VOCs were obtained by using the device with an advanced PIDs (photo-ionization detectors) sensor (accuracy: ±0.1 ppm) (ToxiRae Pro, RAE systems). The PIDs use high-energy photons, typically in the ultraviolet (UV) range. The use of UV light to excite the molecules results in the ionization of gas molecules. The resulting ions produce an electric current proportional to the signal output of the detector [26] . All of the said sensors (formaldehyde and VOCs) were calibrated by the manufactures within one year before the start of measurements. The specifications and sensitivities of VOC sensors are reported in [27] . The meters were placed centrally in the room to avoid direct influences from the walls or furniture and at a height of about 1.5 m. If a standing application was not possible, the meters were placed by hanging it from the ceiling at above 2 m from the floor. Data were recorded every 30 min. Air temperature and RH were measured by the former device (FMM-MD, Shinyei Technology) at the same time.
Fungal contamination, a result from dampness, which Kishi et al. (2009) [4] consider 'one of the important risk factors for symptoms relating to buildings, such as SHS' was predicted by using a fungal detector developed by Abe (1993) [28] . The fungal detector encapsulates dried fungal spores and nutrients to measure a fungal index (Figure 3 ). The fungal index, defined by Abe (1993) [28] , quantifies the capacity for mold growth in an environment being examined, and therefore it is considered one of the useful indices for evaluating microclimates for potential mold growth [29] . The sensor fungi used in the investigation include moderately xerophilic Eurotium herbariorum J-183, strongly xerophilic Aspergillus penicillioides K-712, and hydrophilic Alternaria alternate S-78. As described in Abe (1993; 2010; 2012) [28, 30, 31] , the measurement procedure is as follows: (1) a fungal detector was exposed for two days to four weeks at each survey location; (2) after exposure, the detector was placed in a container with silica gel and the development of hyphae was terminated by desiccation; (3) the length of hyphae in each sensor fungus was measured under a microscope in the Laboratory for Mold Prediction, Japan; (4) the number of response units, ru, was determined from the length of hyphae in each sensor fungus; and (5) the fungal index was calculated using the greatest growth response among the sensor fungi in the detector. The value of the index was defined as the growth of response (ru) per exposure period (week) as indicated in Table 1 [32] . Mold measurements were taken in the master bedroom in January and February 2018, at the same places as the other measurements or, in case of unavailability of the family at that time, in the same area or building.
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Fungal contamination, a result from dampness, which Kishi et al. (2009) [4] consider 'one of the important risk factors for symptoms relating to buildings, such as SHS' was predicted by using a fungal detector developed by Abe (1993) [28] . The fungal detector encapsulates dried fungal spores and nutrients to measure a fungal index ( Figure 3 ). The fungal index, defined by Abe (1993) [28] , quantifies the capacity for mold growth in an environment being examined, and therefore it is considered one of the useful indices for evaluating microclimates for potential mold growth [29] . The sensor fungi used in the investigation include moderately xerophilic Eurotium herbariorum J-183, strongly xerophilic Aspergillus penicillioides K-712, and hydrophilic Alternaria alternate S-78. As described in Abe (1993; 2010; 2012) [28, 30, 31] , the measurement procedure is as follows: (1) a fungal detector was exposed for two days to four weeks at each survey location; (2) after exposure, the detector was placed in a container with silica gel and the development of hyphae was terminated by desiccation; (3) the length of hyphae in each sensor fungus was measured under a microscope in the Laboratory for Mold Prediction, Japan; (4) the number of response units, ru, was determined from the length of hyphae in each sensor fungus; and (5) the fungal index was calculated using the greatest growth response among the sensor fungi in the detector. The value of the index was defined as the growth of response (ru) per exposure period (week) as indicated in Table 1 [32] . Mold measurements were taken in the master bedroom in January and February 2018, at the same places as the other measurements or, in case of unavailability of the family at that time, in the same area or building. The questionnaire comprised two versions: one for household representatives and one for other family members. The questionnaire for household representatives included questions about building and interior space characteristics as well as cleaning and ventilation behavior and perceived IAQ, the influential parameters of interest for this study (independent variables). In the second part, personal attributes and health status-related indicators were gathered. The questionnaire for household members, including children, only contained this second part, since living conditions could be derived from the household representatives' questionnaire.
To evaluate participants' well-being in relation to their home environment, the Quick Environmental Sensitivity Inventory (QEESI) was applied. The QEESI is an instrument to measure multiple chemical sensitivity (MCS), one of the concepts that are used to describe nonspecific health complaints due to poor indoor environmental quality [33] . It has been used in other studies on building-related symptoms in various countries across the world [34, 35] and its validity and reliability has been tested in several countries [36] [37] [38] . The QEESI has been developed by Miller and Prihoda in 1999 and is available at www.chemicalexposures.org [39] . In four major parts, information on (1) chemical intolerances, (2) other intolerances, (3) symptom severity, and (4) life impact is collected ( Figure 4 ). Ten subquestions in each part require a response on a scale between 0 and 10, for example evaluating the severity of symptoms towards a certain exposure. The fifth part, the masking index, helps to identify ongoing exposures (e.g. alcohol, smoking). The subquestions in this case only ask for a 'yes' or 'no' response. and interior space characteristics as well as cleaning and ventilation behavior and perceived IAQ, the influential parameters of interest for this study (independent variables). In the second part, personal attributes and health status-related indicators were gathered. The questionnaire for household members, including children, only contained this second part, since living conditions could be derived from the household representatives' questionnaire.
To evaluate participants' well-being in relation to their home environment, the Quick Environmental Sensitivity Inventory (QEESI) was applied. The QEESI is an instrument to measure multiple chemical sensitivity (MCS), one of the concepts that are used to describe nonspecific health complaints due to poor indoor environmental quality [33] . It has been used in other studies on building-related symptoms in various countries across the world [34, 35] and its validity and reliability has been tested in several countries [36] [37] [38] . The QEESI has been developed by Miller and Prihoda in 1999 and is available at www.chemicalexposures.org [39] . In four major parts, information on (1) chemical intolerances, (2) other intolerances, (3) symptom severity, and (4) life impact is collected ( Figure 4 ). Ten subquestions in each part require a response on a scale between 0 and 10, for example evaluating the severity of symptoms towards a certain exposure. The fifth part, the masking index, helps to identify ongoing exposures (e.g. alcohol, smoking). The subquestions in this case only ask for a 'yes' or 'no' response. Since the calculation procedure of QEESI is described elsewhere [39] , we would just like to mention that the ranges for the scales and interpretation guidelines suggested by Miller and Prihoda [40] have been applied for evaluation purposes, which are based on previous research and examined groups. The criteria for low, medium, and high scale scores are listed in Table 2 , and the risk criteria in Table 3 . Respondents have been categorized into one of four degrees to which MCS is suggested (risk criteria) according to their symptom severity, chemical intolerance, and masking score (see Table  3 ). This variable is called 'Multiple chemical sensitivity (MCS) risk' hereafter. It describes a person considered sensitive to multiple chemicals.
Additionally, it was assessed in how many of the three scores 'symptom severity', 'chemical intolerance', and 'other intolerances' the respondent reached a 'high' score ( Table 2 ). The variable thus ranges from 0, when the respondent did not exceed 'high' score criteria in any of the three scales, to 3, when all three scores reached 'high' values. This categorization is in the following called 'sensitivity'. The respondent's sensitivity is related closely to MCS risk (since it includes two similar scores), but rather indicates if the respondent is generally sensitive, not only with regards to Since the calculation procedure of QEESI is described elsewhere [39] , we would just like to mention that the ranges for the scales and interpretation guidelines suggested by Miller and Prihoda [40] have been applied for evaluation purposes, which are based on previous research and examined groups. The criteria for low, medium, and high scale scores are listed in Table 2 , and the risk criteria in Table 3 . Respondents have been categorized into one of four degrees to which MCS is suggested (risk criteria) according to their symptom severity, chemical intolerance, and masking score (see Table 3 ). This variable is called 'Multiple chemical sensitivity (MCS) risk' hereafter. It describes a person considered sensitive to multiple chemicals. Additionally, it was assessed in how many of the three scores 'symptom severity', 'chemical intolerance', and 'other intolerances' the respondent reached a 'high' score ( Table 2 ). The variable thus ranges from 0, when the respondent did not exceed 'high' score criteria in any of the three scales, to 3, when all three scores reached 'high' values. This categorization is in the following called 'sensitivity'. The respondent's sensitivity is related closely to MCS risk (since it includes two similar scores), but rather indicates if the respondent is generally sensitive, not only with regards to chemicals. Both categorizations, MSC risk as well as sensitivity, reflect the occupants' health status and are the core dependent variables in the evaluation part. In the end, 471 questionnaires, 76 IAQ parameter measurements, and 30 samples of mold prediction were collected (Table 4) . IBM SPSS Statistics version 22 was used to conduct the statistical analysis for the questionnaire. Differences between the two groups (levels of significance) concerning the profile of respondents and their health status were verified by conducting Independent Samples t-test. Chi-Square-Test and Spearman rho analysis were carried out between respondents' MCS variables and their living environment and behavior to tentatively search for linkages. Because the main interest of this research is IAQ and its effects on health, gender, which was found to correlate strongly with the respective degree of MCS in apartments, was evaluated separately
Results and Discussion

Profile of Apartment Units and Kampong Houses
Unsurprisingly, Kampong and apartments and their respective occupants need to be looked at separately when describing the situation of IAQ and health, since several aspects in the profiles of occupants, buildings, behavior, and health conditions differ significantly (Table 5 ). In apartments, incomes are higher: 26% of the households earn more than 750 US$ per month, which is the case for only 9% in Kampongs. Sixty percent of apartments were built within the past five years, and Kampong houses are rather old with more than 60% of them having been constructed within the past 11-50 years, which reflects the overall situation in Indonesia. As shown in Table 5 , many Kampong houses and apartment units face problems with mold growth (42% and 37% respectively), which is more than reported in Sweden and Finland (4%) [41, 42] , and China (5%) [43] , but close to that reported in Korea: 35% [44] . According to the mold risk measurements, in Kampongs, 80% of the measured houses are categorized within the highest fungal index, D, an alarming sign, as compared to just 17% of the measurements in apartments ( Figure 5 ).
measurements, in Kampongs, 80% of the measured houses are categorized within the highest fungal index, D, an alarming sign, as compared to just 17% of the measurements in apartments ( Figure 5 ).
In return, apartment occupants report more mite problems (18%) and 61% complain about odor or smell in their flat, as opposed to Kampongs (6% and 51% respectively) ( Table 5 ). The share of complaints about smell is higher than in other studies, too. In a Chinese study, only 26.5% report unpleasant odors in their homes [45] and in an early study in Sweden in the 90s it was 33% [46] . One reason for larger issues with mites and odors could be the cleaning behavior of apartment occupants, which is less frequent than that of Kampong residents or reported in other studies. Daily cleaning is done only by 28%, as compared to 90% in Kampongs. Cleaning the bedclothes less than once per week, as done by 35%, has been associated with increased mite levels [47] . Another critical point is that 25% of the ACs are never cleaned, and another 15% only once per year. The US Energy Department recommends cleaning of ACs every one to two months, which is done by less than 40%. 
Health Status
The health status of apartment respondents appears poorer than that of Kampong residents and other countries (Table 6 ). First, the prevalence of asthma (17%), allergies (37%), and especially eczema (36%) is higher than in Kampongs (13%, 32%, and 25%, respectively). A worldwide study on the prevalence of asthma concludes that 4.27% of adults have doctor-diagnosed asthma and 8.61% have wheezing symptoms, with a slightly higher prevalence in the Pacific region (5.85 and 8.88%, respectively) [48] . Although the numbers are not directly comparable due to the different nature of the questions, they are an alarming sign. The occurrence of eczema in apartments correlates with the reported presence of mites: 53% of mite-infested unit occupants indicate eczema, but only 32% in mite-free unit occupants. When it comes to allergies, studies in Sweden and Japan report a lower prevalence of around 12-24% [49, 50, 51, 52] . Eczema has been stated in China from 1.6 to 5.7% [25, 53] , in Sweden from 6.3% up to 23% [50, 54] and in Japan from 4 to 15% [55, 56] , which means that apartment and Kampong occupants impairments in Surabaya are once more elevated.
Second, the degree of reported stress is significantly higher in apartment occupants (mean of 4.3 on the scale between 0 = no stress and 10 = very stressed) than in Kampong residents (2.1). Here, although work or studies are mentioned as the major reasons for stress in both building types, a In return, apartment occupants report more mite problems (18%) and 61% complain about odor or smell in their flat, as opposed to Kampongs (6% and 51% respectively) ( Table 5 ). The share of complaints about smell is higher than in other studies, too. In a Chinese study, only 26.5% report unpleasant odors in their homes [45] and in an early study in Sweden in the 90s it was 33% [46] . One reason for larger issues with mites and odors could be the cleaning behavior of apartment occupants, which is less frequent than that of Kampong residents or reported in other studies. Daily cleaning is done only by 28%, as compared to 90% in Kampongs. Cleaning the bedclothes less than once per week, as done by 35%, has been associated with increased mite levels [47] . Another critical point is that 25% of the ACs are never cleaned, and another 15% only once per year. The US Energy Department recommends cleaning of ACs every one to two months, which is done by less than 40%.
The health status of apartment respondents appears poorer than that of Kampong residents and other countries (Table 6 ). First, the prevalence of asthma (17%), allergies (37%), and especially eczema (36%) is higher than in Kampongs (13%, 32%, and 25%, respectively). A worldwide study on the prevalence of asthma concludes that 4.27% of adults have doctor-diagnosed asthma and 8.61% have wheezing symptoms, with a slightly higher prevalence in the Pacific region (5.85 and 8.88%, respectively) [48] . Although the numbers are not directly comparable due to the different nature of the questions, they are an alarming sign. The occurrence of eczema in apartments correlates with the reported presence of mites: 53% of mite-infested unit occupants indicate eczema, but only 32% in mite-free unit occupants. When it comes to allergies, studies in Sweden and Japan report a lower prevalence of around 12-24% [49] [50] [51] [52] . Eczema has been stated in China from 1.6 to 5.7% [25, 53] , in Sweden from 6.3% up to 23% [50, 54] and in Japan from 4 to 15% [55, 56] , which means that apartment and Kampong occupants impairments in Surabaya are once more elevated. Second, the degree of reported stress is significantly higher in apartment occupants (mean of 4.3 on the scale between 0 = no stress and 10 = very stressed) than in Kampong residents (2.1). Here, although work or studies are mentioned as the major reasons for stress in both building types, a considerable share of Kampong residents also relates their stress to money issues and family problems. Apartment respondents, on the other hand, additionally state social and environmental causes ('lonely', 'apartment too small', 'noise'). Figure 6 depicts air temperature and RH conditions in the homes and outside. For regulating thermal conditions, nearly all apartments (99%) are equipped with ACs but residents open their windows for six to seven hours per day. Indoor RH is with 56-60% less than outdoor humidity (64-75%) and a factor which eases thermal comfort compared to Kampongs. Here, occupants possess fans (99%) and only few an AC (21%) and mostly open their windows more than half of the day to regulate temperature and humidity conditions. During site visits, small permanent openings above windows or doors, which help in constant (cross-) ventilation, were also found. The exchange of indoor air with outdoor air and consequently the removal of indoor pollutants such as VOCs can thus be considered higher in Kampongs than in apartments, although some other indoor pollutants (e.g., ozone, nitrogen dioxide, etc.) are strongly influenced by outdoor concentrations. Furthermore, in Indonesia, outdoor humidity is often higher than that of indoors as described before, and thus outdoor humidity can increase the indoor humidity levels through ventilation. Previously, the present authors conducted measurements on ACH through a CO 2 tracer gas method in Kampongs (Bandung) and apartments (Surabaya). The results showed that the measured ACH in Kampongs ranged from 2.9 to 34.9 times/h with an average of 15.3 times/h under open-window conditions, whereas those in apartments were averaged at 0.7 times/h [57] . However, in Kampongs, thermal conditions inside are often worse than outside conditions. Higher averages in air temperatures and RH have been recorded. Extreme air temperatures up to 39 • C were noted and the mean RH (64% to 79%) clearly exceeds the recommended maximum level of 60%, above which increased mold growth and health effects are generally observed [58] .
Indoor Air Temperature and Relative Humidity
with an average of 15.3 times/h under open-window conditions, whereas those in apartments were averaged at 0.7 times/h [57] . However, in Kampongs, thermal conditions inside are often worse than outside conditions. Higher averages in air temperatures and RH have been recorded. Extreme air temperatures up to 39 °C were noted and the mean RH (64% to 79%) clearly exceeds the recommended maximum level of 60%, above which increased mold growth and health effects are generally observed [58] . 
IAQ Measurements
Figures 7 and 8 show the measurement results for formaldehyde and TVOCs of apartments and
Kampong houses calculated by mean (mean concentration of all measurements in the homes) and maximum (maximum concentration measured in the homes) concentration. In Kampongs, formaldehyde concentrations exceeded the WHO guideline of 0.08 ppm in 9 out of 42 measured houses (21%) at least once during the measurement period. In apartments, this was the case in 26 rooms out of 40 (65%) and the mean concentration of formaldehyde (0.05 ppm) was higher than observed in Kampongs (0.01 ppm), in France (0.01-0.02 ppm*) (Values were calculated from µg/m 3 in ppm for better coherence from the original studies, assuming the indoor temperature to be 25 °C.) [59] , Japan (0.03 ppm*) [56, 60] , and China (0.03-0.04 ppm) [34] . The maximum concentration of 0.34 ppm also is double than in Japanese studies-0.15 ppm [56] or 0.16 ppm* [52] and the United Arab 
IAQ Measurements
Figures 7 and 8 show the measurement results for formaldehyde and TVOCs of apartments and Kampong houses calculated by mean (mean concentration of all measurements in the homes)
and maximum (maximum concentration measured in the homes) concentration. In Kampongs, formaldehyde concentrations exceeded the WHO guideline of 0.08 ppm in 9 out of 42 measured houses (21%) at least once during the measurement period. In apartments, this was the case in 26 rooms out of 40 (65%) and the mean concentration of formaldehyde (0.05 ppm) was higher than observed in Kampongs (0.01 ppm), in France (0.01-0.02 ppm*) (Values were calculated from µg/m 3 in ppm for better coherence from the original studies, assuming the indoor temperature to be 25 • C.) [59] , Japan (0.03 ppm*) [56, 60] , and China (0.03-0.04 ppm) [34] . The maximum concentration of 0.34 ppm also is double than in Japanese studies-0.15 ppm [56] or 0.16 ppm* [52] and the United Arab Emirates (0.14 ppm) [61] , and higher than in China (0.22 ppm*) [62] -and exceeds even the measured maximum of 0.29 ppm found in a study on 'very suggestive' MCS cases in Japan [63] . Emirates (0.14 ppm) [61] , and higher than in China (0.22 ppm*) [62] -and exceeds even the measured maximum of 0.29 ppm found in a study on 'very suggestive' MCS cases in Japan [63] . For TVOC concentrations, 6 out of 27 apartment measurements (21.4%) and 7 out of the 28 measurements in Kampongs (25.9%) were above 5 mg/m 3 , which are assumed to cause objective effects and subjective reports of irritation [64] . The Japanese tentative target of 400 µg/m 3 was crossed in 79% of apartment units and 78% in Kampongs (Figure 7b ), far more than in Japan, where 8% of the buildings were observed with heightened TVOC levels [52] and more than in China (61%) [34] . Just as for formaldehyde, even the mean values in the apartment units result in a concentration of 964 µg/m 3 , which is thus double than measurements in Kampongs (403 µg/m 3 ), in Japan (112-482 µg/m 3 ) [55, 56] or China (360/397 µg/m 3 ) [34] . The peaks of TVOCs in Kampongs could be explained by smoking, short-term utilization of cleaning products, or gas exhaust from cars parked close to the building and entering from outdoors. However, further investigations need to be carried out for verification. These maximum values were calculated based on the measured 30 min temporal average values, and therefore considered comparable with international/domestic standards. Figure 9 shows the specific QEESI scale outcomes. Apartment respondents generally reach higher scores in chemical and other sensitivities, symptoms, and life impact. Kampong occupants, on the other hand, face more ongoing exposures. Still, though differing in severity, residents of both building categories are sensitive to similar chemicals and other exposures. Ongoing exposures that These maximum values were calculated based on the measured 30 min temporal average values, and therefore considered comparable with international/domestic standards.
QEESI
For TVOC concentrations, 6 out of 27 apartment measurements (21.4%) and 7 out of the 28 measurements in Kampongs (25.9%) were above 5 mg/m 3 , which are assumed to cause objective effects and subjective reports of irritation [64] . The Japanese tentative target of 400 µg/m 3 was crossed in 79% of apartment units and 78% in Kampongs (Figure 7b ), far more than in Japan, where 8% of the buildings were observed with heightened TVOC levels [52] and more than in China (61%) [34] . Just as for formaldehyde, even the mean values in the apartment units result in a concentration of 964 µg/m 3 , which is thus double than measurements in Kampongs (403 µg/m 3 ), in Japan (112-482 µg/m 3 ) [55, 56] or China (360/397 µg/m 3 ) [34] . The peaks of TVOCs in Kampongs could be explained by smoking, short-term utilization of cleaning products, or gas exhaust from cars parked close to the building and entering from outdoors. However, further investigations need to be carried out for verification. Figure 9 shows the specific QEESI scale outcomes. Apartment respondents generally reach higher scores in chemical and other sensitivities, symptoms, and life impact. Kampong occupants, on the other hand, face more ongoing exposures. Still, though differing in severity, residents of both building categories are sensitive to similar chemicals and other exposures. Ongoing exposures that can influence people's sensitivities are mostly the usage of fabric softeners, gas stoves, and scented products. More apartment respondents make use of scented products (90% versus just around 70% of Kampong occupants) and are exposed more to other chemicals (60% vs. 43%). Kampong respondents, on the other hand, more frequently own gas stoves (94% vs. 71% of apartment occupants) and are exposed more to fumigation (64% vs. 52%) and ETS (45% vs. 13%).
observed in Korea (37%) [65] , but in Japan, only 25% of the respondents were categorized in the 'very suggestive' or 'problematic' MCS risk groups [63] . Similarly, in the US, the percentage of people with a high sensitivity in three scales was found to be just about half (6.6% as compared to the apartment respondent's 11.1%), and those with high scores in two scales was 15.8% as compared to this study's 17.5% [40] . The share of high MCS risk groups and people with high sensitivities in Kampongs is far lower than compared to these. Overall, MCS risk and sensitivities are significantly higher in apartments than in Kampongs: 39% have a problematic or very suggestive risk of MCS and 29% meet high scores in two or three of the three scales chemical intolerances, other intolerances and symptoms ( Figure 10 ). 74% of Kampong respondents did not exceed 'high score' criteria in any score and can thus be considered free from chemical sensitivities. This is the case for only 46% of apartment respondents. A similar picture evolves when looking at the MCS risk criteria. The QEESI results reveal that the proportion of respondents in apartments with a problematic or very suggestive risk of MCS is more than two times higher than that of Kampongs (39.4% vs. 16.8%). Table 7 shows the correlation analysis results. In apartments, the strongest correlation exists between higher levels of stress and sensitivity as well as MCS risk. There are studies which suggest a relationship between mental well-being and reporting of symptoms for MCS. As such, the Robert Koch-Institut [66] in an extensive study has not found any correlations between reported or attested MCS and environmental influences, but found a causal connection to psychosomatic problems. Other studies carried out for workers' link MCS, SBS, or SHS with mental health, too [67] [68] [69] . As the causes Both ways of interpreting the scores thus indicate a significant difference between the health of Kampong and apartment occupants. Similar shares as the MCS risk in apartments have been observed in Korea (37%) [65] , but in Japan, only 25% of the respondents were categorized in the 'very suggestive' or 'problematic' MCS risk groups [63] . Similarly, in the US, the percentage of people with a high sensitivity in three scales was found to be just about half (6.6% as compared to the apartment respondent's 11.1%), and those with high scores in two scales was 15.8% as compared to this study's 17.5% [40] . The share of high MCS risk groups and people with high sensitivities in Kampongs is far lower than compared to these. Table 7 shows the correlation analysis results. In apartments, the strongest correlation exists between higher levels of stress and sensitivity as well as MCS risk. There are studies which suggest a relationship between mental well-being and reporting of symptoms for MCS. As such, the Robert Koch-Institut [66] in an extensive study has not found any correlations between reported or attested MCS and environmental influences, but found a causal connection to psychosomatic problems. Other studies carried out for workers' link MCS, SBS, or SHS with mental health, too [67] [68] [69] . As the causes for stress are also partly related to the home environment, it can be argued that this home-related stress (noise, loneliness, apartment too small) has a negative impact such as it has been stated for asthma in children [70] . For sensitivities, the prevalence of eczema, a worse perception of IAQ and less frequent cleaning of the bathroom also played a role. This finding corresponds to other studies, where eczema, asthma, and allergic rhinitis were related to SBS symptoms or negative IAQ perceptions led to more symptoms reporting [43] .
Factors Influencing MCS
Moreover, in apartments, MCS risk did not correlate with any building attributes, interior characteristics, IAQ, or behavioral variables. However, a highly significant difference in MCS risk and sensitivities exists between females and males, which has also been found in other studies [8, 45, 56, 71, 72] . An investigation of the gender differences revealed that for females, stress correlated strongly, but water leakage and disturbing smell also negatively affected MCS risk. Men with asthma had significantly more sensitivities, and men who are exposed to fumigation are categorized into higher MCS groups. The influence of incense sticks, which may be a comparable exposure, has been found to result in headaches and neurologic effects [61] . Cleaning behavior in men had a slightly contradictory influence on MCS risk and sensitivities; whereas a more frequent cleaning of the rooms led to heightened MCS risk, the opposite was true for bathrooms. One possible explanation could be the utilization of cleaning products or the quite frequently used scented products for rooms. Frequent cleaning can have as much negative impact on health as smoking 20 cigarettes per day [73] . It is also possible, on the other hand, that people with more symptoms try to reduce those through improved ventilation and cleaning behavior. More research is needed to investigate if the correlations are truly relevant, and if so, which cleaning products are used and to what extent. To see if there is a correlation between these indoor air chemical concentrations and multiple chemical sensitivities, the four MCS groups were merged into two by joining the somewhat suggestive, problematic, and very suggestive group of respondents into one, and the not suggestive group into the second group. It became obvious that respondents with an MCS risk were exposed to significantly higher formaldehyde and increased TVOC concentrations (Figure 11) , just like other studies reported [51] . For Kampongs, more variables correlate with MCS risk and sensitivities (Table 7) . Influential personal attributes are age group, occupation, and income. Government (50%) and private employees (17%) and retired people (20%) are mostly affected (categories 'problematic' or 'very suggestive' of MCS). There is a possibility that the two former groups are exposed to chemicals or other exposures during their work. This conclusion can be derived because those who report exposure to other chemicals also have a higher MCS risk. In Indonesia, more than 50% of office workers experience SBS, as estimated in 2008 by the Association of Indonesian Public Health Expert (IAKMI) [20] . Table 7 . Results of correlation analysis. For Kampongs, more variables correlate with MCS risk and sensitivities (Table 7) . Influential personal attributes are age group, occupation, and income. Government (50%) and private employees (17%) and retired people (20%) are mostly affected (categories 'problematic' or 'very suggestive' of MCS). There is a possibility that the two former groups are exposed to chemicals or other exposures during their work. This conclusion can be derived because those who report exposure to other chemicals also have a higher MCS risk. In Indonesia, more than 50% of office workers experience SBS, as estimated in 2008 by the Association of Indonesian Public Health Expert (IAKMI) [20] .
A very clear positive relationship exists between income and MCS risk as well as sensitivities in Kampongs. This is surprising, as usually higher income is associated with improved health. In this case, a higher income goes along with the possession of ACs, which is found to be another significantly influential factor detrimental for health. Especially the age groups between 20-29, 30-39, and above 50 years have higher MCS risks. Although higher age in other studies has been associated with increased health risks, this does not explain the cause for the younger generations.
Here, the degree of stress is higher, and the respondents in these groups also more often have eczema. These two variables, in turn, have an impact for the prediction of MCS risk. For the psychological variable 'stress', 40% of those who indicate a score of 7 or more on the range between 0 (no stress) to 10 (very stressed) also have a problematic or very suggestive MCS risk, whereas among respondents who feel less or not stressed (a score below 4), only 10% are likely to have MCS. Also, people with health-issues such as asthma, eczema, or allergies are more suggestive of MCS. Twenty percent of the very suggestive MCS risk cases have asthma, and 60% have eczema or allergies (as compared to an average of 13%, 25%, and 32% respectively). This fits into findings of other studies as mentioned before. In smoker households, less people face MCS risks (18% problematic and very suggestive respondents) as compared to nonsmoking households (30%). The reason behind this reverse relationship between smoking and/or ETS and MCS risk in Kampongs remains unclear, but it might be that people with chemical intolerances automatically refrain from smoking and dislike the smell. Also, fabric softener usage influences sensitivities (more).
When it comes to the parameters connected to IAQ, two variables show a highly significant correlation with MCS risk and sensitivities in Kampongs: ownership of an AC and observation of mold growth in the house (Table 7) . Eleven percent of occupants confronted with mold growth face very suggestive MCS risks as compared to 3% of occupants in mold-free homes. Mold is a well-known cause for respiratory diseases and SBS symptoms. This outcome confirms this finding once more. The share of problematic or very suggestive risk of MCS within AC-owners is double of those who do not have an AC (28% against 13%). Why exactly the possession of ACs is a risk factor needs to be investigated. Possible explanations could be the spread of bacteria and viruses due to a lack of maintenance or reduced or no ventilation in order to save energy and consequently the accumulation of pollutants in the room.
Other relevant factors in Kampongs are the number of furniture items in the living room (the more furniture, the higher the share of MCS risk cases), modifications (20% of occupants in homes with modifications have a problematic or very suggestive risk of MCS versus 10% within those who did not modify their rooms), smell (the share of people with MCS who report a disturbing smell in their homes is larger than those who do not), and the frequency of cleaning the rooms (18% of respondents who clean every day have a problematic or very suggestive MCS risk, but 50% of those who clean only once a week or less). However, regarding this point it must be noted that only 10% of Kampong occupants indicate a less frequent cleaning than once per day. Similar findings were obtained in other studies: SBS problems were associated with redecoration in China [43] , odor or negative perception of IAQ [74] , and relieved in the case of regular cleaning [47] .
Lastly, indoor air concentrations of formaldehyde in Kampongs were inversely correlated with MCS risk when it is assessed by the maximum values (see Figure 11) : not suggestive respondents were exposed to higher levels than some problematic and very suggestive respondents. It is possible that formaldehyde concentrations, which in the case of Kampongs usually had lower long-term averages than apartments but instead suddenly reached exceptionally high peaks, have a smaller effect on the health of occupants than the more long-term exposure in some of the apartment cases. Further investigation is recommended.
Conclusions
The survey in Surabaya revealed that IAQ in apartment units and Kampong houses appears to be poorer than in other countries. Formaldehyde and TVOC concentrations in apartments are especially critical and exceed standards in many units. Owing to the hot, humid climate in Indonesia, apartments and Kampong houses are confronted with high humidity and outdoor temperatures, which impede thermal comfort and facilitate mold growth. Therefore, mold growth is highly predicted in around 40% of the homes, with severe situations particularly in Kampongs. In Kampongs, the occurrence of ETS potentially adds up to higher indoor air pollution. Asthma, eczema, and allergy prevalence were found to be worse in this sample of Indonesian residents than in other studies around the world. For the prevalence of MCS and eczema, living in a high-rise apartment in Indonesia is a risk factor, just as suggested in a study in Shanghai on allergic diseases [53] . In apartment units, 39% are categorized as problematic or very suggestive of MCS, whereas Kampong respondents' level of MCS risk is comparable to other studies or even lower (17%).
The results imply that the trend towards high-rise buildings is coupled with decreasing health. Heightened chemical concentrations in indoor air and elevated stress levels are the major risk factors found in this study, as well as people reporting asthma and eczema or negatively perceiving IAQ and smells. Neglected cleaning also contributes. Meanwhile, stress, personal health condition (asthma, eczema, allergies), and reports of smell make up strong factors for MCS risk in Kampong respondents. Several additional building, interior, and behavioral factors are also influential. More windows and daily room cleaning had a positive impact on health. ACs, mold reports, and more pieces of furniture, on the other hand, resulted in higher MCS risk. Particularly interesting is the observation that people with higher incomes were more affected, which is partially explainable by elevated stress levels in higher income groups.
This study attempted to be inclusive and raise awareness of the complex nexus between sustainable development of buildings with regard to residential indoor air quality, energy efficiency, and the health of occupants. However, the scale of the research in Surabaya and the aim to find comparable studies on a world-wide scale led to only brief evaluations and more aspects need to be analyzed and discussed in depth. All in all, shortcomings in the indoor environment in high-rise apartments for the physical as well as the mental health of occupants have been identified. Still, more investigations need to be carried out on the potential sources of the high TVOC and formaldehyde concentrations, and which other environmental factors may increase occupants' stress at home. Enlarging the sample size, especially for measurements, is also essential for better reliability and representativeness. To our knowledge, this is the first study of such an extent to be carried out in Indonesia. It provides a broad basis for future studies.
Nevertheless, there are several points in our study that need to be noted. First, the samples of respondents in Kampongs and apartments differ a lot and it is thus difficult to compare them directly. This problem was solved partly by evaluating the health and impacting factors of the two building categories separately, but there is still a lack of information for a great part of occupants. The interviewed apartment occupants are mainly aged between 20 and 29 years, which makes general statements about the situation of all apartment residents questionable. Health impairments such as asthma and allergies are relatively new developments, mostly affecting children and people of younger ages, when they are exposed to certain triggers. This could be one reason for the high share of asthma and allergies in the sample. More age groups above 30 years need to be included in future studies on apartments, which most probably will also lead to a more heterogeneous sample of occupations.
Second, interviewing people also relies on their ability to remember symptoms and actively perceive characteristics of their indoor environment. This could lead to reporting bias, just as an influence from the interviewer's side by talking about the aim of the study cannot be fully excluded.
Third, some instruments and evaluations require improvements. For QEESI, as the screening instrument for MCS, the application of the American cut-off points can be questioned. Just as Hojo et al. [63] suggest for the utilization of QEESI for the Japanese population, it could be necessary to determine different cut-off points for the Indonesian population. Therefore, more studies are needed. For IAQ measurements, it is important to conduct more detailed investigations to analyze quantitative information about the constituents of air contaminants.
This study focused on IAQ, but it could be informative to collect data on indoor environmental aspects, too. Complaints of apartment respondents that they feel lonely, are disturbed by noise, or find their flat too small are hints that there might be larger dissatisfaction with the housing conditions in high-rise buildings in Indonesia. The study has revealed the first hints of questionable IAQ and compromised health of occupants in apartments, which showcases the need for more sustainable and healthy living environments in rapidly developing countries-a crucial element to ensure quality of life for future generations and avoid path dependencies aggravating climate change. 
